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EXPERThWTAL INW?STI(3ATIW TO DETERYINE THE RELATIVE

MAGNITUDE “OF VERTTCAL AND Horizontal GUSTS IN THE
.-

ATWSPHERE

By PEIXIIP IX7NELY

Introduction

In tlw design of airoraft for the loads due to gusts
encountered in fllpjt, It is assumed that the gust Is
normal to the fllght path of the airplane. The statistloal
data, reference 1, on which the destgn of aircraft for gust
loads is based has been obtained for level fllght and the
gusts considered are vertical. When the flight path is
vertioal, as It 1s in some cases, the critical gust is
horizontal and the question arises as to the relative
magnitude and frequency of the vertical and horizontal
gusts in the atmosphere.

General considerations indicate that a satisfactory
procedure for the design of diving airplanes would be to
assume the horizontal gusts to have the same magnitude and
frequency distribution as the vertical Gusts. This assump-
tion yields satisfactory results at present but experimental
verification of it would be desirable.

The purpose of the present Investigation was to obtain
data on the vertical and horizontal gusts in the atmosphere
by reworking accelerometers and airspeed records from past
invest~gations of vertical gusts. As the data was to be
used for purposes of comparison, only about one fourth of
tha available records were to be used in order to reduce the
amount of work inv~lved.

The records which form the basis of this investigation
were obtained from fifteen flights of the XE:-1 airplane
duri~ gust surveys of cloud formations up to altitudes of
15,000 feet and from fifteen flights of the Aeronca,
C-2X airplanes in clear air at altitudes less than 3,50C
feet. All records were obtained in the vicinity of
Langley Field %’a., during the period from January 1937
to August 1936.
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Apparatus.. ......

The airplanes, used to obtain the records, were ths
}Iartin XH<-1 and the Aeronca, C-2N. Table I and reference
2 give the pertlne.nt informs~ion on the two alrplq.neq.

The instruments used In the al.r:lanes were:

NACA airdam~qd ac~.elerometer
NACA airspeed recorder.
NACA synchronizing timer

The airsaeed recorder and ~scel~rometer were eclulvoedwith
magazine” type film drums with h
film. A film speed of 1/8 Intih
minutes of record on the-XE?”-1,
tnch per secqnd gave 10 tin~ltes
Aqrcmca, C-2P.

capacity of 20-f’e&i of
per secand permitted 30
wkfile a film spee”dof 3/6
of nvailable record on the

The rwthod of evaluatfl”!~gthe airspeed and acceleramet~r
rec”ordsto obtain the intensity of vertlccl gusts, ~’tm~,
has been cleveloped In the Fast few years from tl?etheor~
given in reference 1. The .nethod”oonsists of calibrating
the reactions of an airplane?to a gust of known Sha~6 5.nd
intensity by tests of a dynamically scaled model in the
gust tunnel. A calibration fact~r is thl~sotk&in6il ~hich
is t!cpendent only on th6 @ust size as d~fired by tlx gradient
distmce, H(ref’erence 1), and vthlchwhen div~ded into th:
measured acceleration Increrlentgiveo the acceleration
f.ncrement whi~h would be computed It the true gust velocity,
Utme, had been used In the well.knov.m sharp etQed ~.ust

formula,

Jn practtce, the gust bunnel tests ure made for three
~ust shapes (reference 2), for gusts which have a lcteral
extent, greater than the span of the airplane model, and
f~r cond~tions where the airplane travels from smooth alr
into a single gust. This m?ans that the evaluation of
fli@t records mst be made for these cor.ditions or the
llcalibratloni’will not give the correct Value af ?Ttme.

At present, due to llmitatl.~ns of the records, it js “
necessary to assure tbu]tt?zeatmospheric gust covers the
entire span of the alr~l.anewhile the second condition
required above is ssitlsf~ed by evaluatin~ those ~usts -
which the acdelercmeter re~ord indicates have been preceded
by smooth air. “
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The method
horizontal gust

of evaluating the records to obtain the
velocity, AY, was simply to masure sudden

--I -changes In -the recorded-afrspeeti~’---(A sudden change was
considered as one which took place i.nless than one second. )
This procedure is based on the assumptions that the ground
speed of an airplane will not change appreciably In a short
period of time tf the speed of the surrounding air changes
and that the gust to be measured has no vertical component.
A simple calculation Indicated that the effect.of the first
assumption would be to reduce the indicated gust velocity
about 7 percent. The second assumption was utilized as a “
restriction on the data in that only those ?ortj.onsof the
airspeed records were used wh:ch were indicated by the
corresponding section of the accelerometer record to be
affected by small vertical gust components. “

Results

The records from flf’teenflithts for each airplane,. were ev~luated to obtain the vertical and horizontal gust
velocities by the methods ~reviously described. The
number of vertical gusts evaluated was 2388 for the XE?:-1
and 956 for the Aeronca c-2N. The horizontal gusts,
evaluated from the same set nf records, amounted to 1174
for the XBM-1 and 1~’i?gfor the Aeronca g-2N. These data
were used to make the frequency curves, given In figures 1
to h.,or Utme and AT!for each airplane.

Tn order to obtain a more convenient co~arison of
Utwe and Al’,the data in figures 1 to k were used to make
cross plots of Ut-e against Alrat equal frequencies for
the two airplanes. These results are shown in figures 5
and 6.

Precis~on

The precision of measurement of Wt e and AV is
Testimated to be Within *2 feet per secon , if the precision

of Instruments and the method of evaluation are considered.
Such an error is random and its effect on the shape of the
frequency curves will be negligible for the purpose of this
report.

One error, which will be of great im~ortanoe relatlve
to the shape of the frequency curves and the conclusions
drawn, Is that due to variations in the lateral extent of
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the gusts. In the case of vertloal gusts, the method of
evaluation as”sumes that the entire span of the alrplai:eis
covere”d and, since gusts may be smaller than the span of the
ai.rpland, the values of Ut computed will be either correct
or too low, but never too ~~~h. This error will tend to
“shift the frequency curves towards zero gust velocity for

‘trues The data for AV are not affected by this type of
error since no assumption :.strade as to the lateral extent
of the &usts. This meens, therefore, that the frequency
curve for AV will tend to he obtained in its true form and
the comparison of Utne and A~’will indicate that L1’!s
larger than Utrue.

Another factor, which v.’111Itifluence the ~sults, is
the amount of duta oWaineF to form e=ch frequency curve.
The sffect of havinC more data for Ut thsn AV will be to
emphasize the discrepancy ~revlously %~cussed, while it Is
probable th~t, If’the relative amounts of data are reversed,
I.twill tend to cancel this error. If this is SI.J,the data
for.the Aeronca airplane slmuld tend to show equalf.ty
between Utrue and AV as ccr:parsd to the data for the Xm--l
airplane..

There apnears to be no Fractlcsl way of determining
these errors for the preser:t data, so that it will be
necessary to deal with trer:flswith these points in m!.nd
h order to u~e.the data.

‘. Discussion

The data from the tests on the Aeronca C-d;-, figure 6,
whe,rethe .horlzontal outnuvtered the vertisal &tist,qives
almost a !1.5degree llne for Ut against Al’which is cM3-

placed about one foot per seco~~ealonp. the abscissa AT.
For the tests or the XHY-1 airnlane, figure 6, the Vertic[jl
gusts outnumber the hor~.zmtal gusts about 2 to 1, and at
low $mst velocities AT’is &bout 2 feet ~er second ~reater
than Utrue while the two tend to become equal for hii.h
gust veloci-ties. As pointed aut under precision, the
errors In.tb.edata will tend to produce this resu].t. It
appears reasonable, therefnre, to say th~t Utme and AV
are of equal intensity and that the indications of the
data have been modified by the liml.tations of the experi-
mental data.

:.,
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The discrepancy In
variables oonsldered is

5

the amounts of data for the
quite Interesting and worth further

---- ~ons~der~t~on, The meth~d of evaluating-the records wms
I Identical for both alr~lanes so that the trends in the

I mounts of data obtained should be due to the flight
oondittons for the most part. In the case of tests with
the ZBM-1, the turbulence measured was due, primarily, to
thermal ourrents end it might be expected that more vertioal
than horizontal &usts would be encountered. The Aeronc& C-2N
airplane was flown at low ~ltitude in ‘lwindi’turbulence and
hence it miEht be expected that the influence of the earth
would tend to restrict the vert!.calmotion of’air sb that
th6 number of horizontal gusts would be larger. Tha data
collected in the present I.nvestigatlm tend to bear out
thjs reasoning and woulfit~-ndto indioate thet atmospheric
turbulence je selt!om~Ffipic~ -

-...
.

?oncludjng ?ermrks

The results of this ir.’~estlgationIndicate that the
vertical and horizontal gu~tg are of about eq’us?!intensity
in the atmosphere.

The data also lnd~cates that, under therml conriltions, ‘
more vert~cal than hor~zontal ~~sts would be expected, while
under conditions of w:rd turbulence, the relation is reversed.

The investlgatlrm alsb emphasizes the necessity of
obtaining more Informatim on the size of dusts with par-
ticular reference to the l~teral extent of the gusts relative
to the span of an airplane,

Langley Field, ~’irginia,
<Tuly15J 19.!JO.
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Table 1

Airplane Characteristics

Airplane XBM-1

Weight, lbs. 5200

Wing Area, sq. ft. 4.12

Wing Loading, lbs./sq.ft. 12.6

span, ft. 41

Mean Aerodynamicc Chord, ft. 5.05

Slope of Lift Curve, 14.5
per radian

/

N.A.C.A.

Aeronca

782

144

5944

36

l!

4.7
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